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LIQUID COUPLED DEFECT DETECTION SYSTEMS AND METHODS 



FIELD OF THE INVENTION 
[0001] The present invention relates to nondestructive inspection (NDI) 
5 techniques, and more particularly to liquid coupled defect detection systems and 
methods. 



BACKGROUND OF THE INVENTION 
[0002] Nondestructive inspection (NDI) techniques are used to examine 
10 in-service and production aircraft parts for defects such as delaminations, 
disbonds, cracks, and corrosion. Indeed, as the existing aircraft fleet ages 
requiring more frequent inspections and new materials and structures are 
introduced on new aircrafts, the use of NDI techniques will likely remain prevalent 
in the aerospace industry as well as other industries. 

15 

SUMMARY OF THE INVENTION 
[0003] The present invention relates to liquid coupled defect detection 
systems and methods. In a preferred implementation, a method of detecting 
defects in a test specimen generally includes applying a liquid detection medium 
20 to the test specimen; exciting the test specimen to cause the liquid detection 
medium to produce a defect signature for a defect in the test specimen; and 
monitoring the liquid detection medium for defect signatures produced by the 
liquid detection medium. 

[0004] In another preferred implementation, a method of detecting 
25 defects in a test specimen generally includes applying a liquid couplant to at least 
a first surface portion of the test specimen; acoustically exciting the test 
specimen; and monitoring the liquid couplant to detect vibration effects on the 
liquid couplant which indicate defects in the test specimen. The vibration effects 
can include at least one of a standing wave of liquid couplant on the first surface 
30 portion and an ejection of liquid couplant from the first surface portion. 

[0005] In another preferred implementation, a system for detecting 
defects in a test specimen generally includes a liquid couplant applied to the test 
specimen. The system also includes an exciter coupled to the test specimen to 
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excite the test specimen and cause the liquid couplant to produce a defect 
signature for a defect in the test specimen. The system further includes a device 
for detecting defect signatures produced by the liquid couplant in response to the 
excitation. 

5 [0006] The features, functions, and advantages can be achieved 

independently in various embodiments of the present inventions or may be 
combined in yet other embodiments. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] The present invention will become more fully understood from 
the detailed description and the accompanying drawings, wherein: 

[0008] Figure 1 is a schematic illustrating a test specimen being excited 
with an excitation source according to one embodiment of the invention; 
15 [0009] Figure 2 is a schematic of a liquid coupled defect detection 

system according to one embodiment of the invention; and 

[0010] Figure 3 is a schematic of a liquid coupled defect detection 
system according to another embodiment of the invention. 

20 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0011] The following description of the preferred embodiment(s) is 
merely exemplary in nature and is in no way intended to limit the invention, its 
application, or uses. 

[0012] According to one aspect, the invention provides methods for 
25 detecting defects (e.g., disbonds, delaminations, etc.) in a test specimen. In one 
embodiment, a method generally includes applying a liquid detection medium or 
couplant to the test specimen; exciting the test specimen to cause the liquid 
detection medium to produce a defect signature for a defect in the test specimen; 
and monitoring the liquid detection medium for defect signatures produced by the 
30 liquid detection medium. 

[0013] In response to the excitation, the liquid couplant can produce 
various defect signatures which indicate the presence of defects in the test 
specimen. For example, FIG. 1 illustrates a test specimen 8 being excited with an 
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excitation source 4. A preferential high amplitude vibration 10 is disposed 
generally above a defect 16 in the test specimen 8 due to the decreased stiffness 
at the defect 16 and greater localized bending generally above the defect 16. As 
shown in FIG. 1, the vibration 10 couples with the liquid couplant 20 to form a 
5 standing wave 32 of couplant 20 generally above the defect 16. The preferential 
high amplitude vibration can also cause couplant to be ejected or atomized (a 
"geyser" effect) from the test specimen, as shown in FIGS. 2 and 3. Accordingly, 
standing waves and "geysers" are two types of defect signatures the detection of 
which indicates existence of one or more defects in the test specimen. 

10 [0014] Another example of a defect signature is a cold signature 

produced by a cooling effect of the agitated couplant and/or by a cooling effect of 
ejected couplant as it evaporates. Detection of such a cold signature, for example 
with an infrared camera, indicate existence of a defect in the test specimen. 

[0015] An exemplary system 100 embodying at least one aspect of the 

15 invention is illustrated in FIG. 2. As shown in FIG. 2, the system 100 includes an 
excitation source 104 for exciting the test specimen 108. Preferably, the 
excitation source 104 is an ultrasonic energy source, such as an ultrasonic 
welder. Alternatively, other excitation sources can be employed such as 
mechanical shakers and acoustic horns. 

20 [0016] The system 100 also includes an infrared camera 112 for 

detecting cold signatures produced by a cooling effect of the agitated couplant 
and/or by a cooling effect of ejected couplant as it evaporates. Alternatively, a 
wide range of other devices and techniques can be used for detecting the defect 
signatures or vibration effects of the liquid couplant in response to the excitation 

25 including high speed photography, videography for motion analysis, specialized 
lenses, high speed analysis lighting, video imaging technologies, and specialized 
techniques such as Schlieren, streak, and pulsed laser illumination. 

[0017] In an exemplary embodiment, the liquid couplant 120 applied to 
the test specimen 108 is water. In other embodiments, a wide range of other 

30 liquid couplants, preferably liquids non-reactive and non-contaminating to the test 
specimen, can be used including oils, glycerins, high purity alcohols, non- 
contaminating liquid chemicals, etc. 
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[0018] In some embodiments, insoluble particles (e.g., relatively heavy 
magnetic material) can be entrained in the liquid couplant. The insoluble particles 
can form tiger-striped patterns or other patterns on the test specimen which are 
visible even after the excitation of the test specimen has stopped. Accordingly, 
5 the patterns produced by the insoluble material can thus provide an indication of 
a location of a defect even after excitation has stopped. 

[0019] The selection of a particular liquid couplant can be based on one 
or more various factors. For example, a particular liquid couplant may be selected 
to encourage evaporation of the liquid couplant after its ejection from the test 
10 specimen. Or for example, a particular liquid couplant may be selected to 
minimize (or at least reduce) absorption of the couplant into the test specimen, to 
minimize (or at least reduce) entrapment of the couplant into the test specimen, 
and/or to minimize (or at least reduce) contamination of the test specimen by the 
couplant. 

15 [0020] In operation, the system 100 can be used as follows to detect 

defects in the test specimen 108. A liquid couplant 120 is applied to at least a first 
surface portion 124 of the test specimen 108. In an exemplary embodiment, the 
liquid couplant is water misted onto the surface portion 124 with a spray bottle. 

[0021] The test specimen 108 is excited with the excitation source 104. 

20 In the illustrated embodiment, the test specimen 108 is acoustically excited with a 
preferably high energy ultrasonic source in contact with the test specimen 108. 
The source 104 preferably applies ultrasonic energy 128 to the test specimen 
108 which propagates through the test specimen 108. The propagating energy 
128 causes preferential, large amplitude vibrations generally above a defect 116 

25 in the test specimen 108. The increased vibration couples with the liquid couplant 
120 resulting in either or both a standing wave 132 of couplant to form generally 
above the defect 1 1 6 and/or couplant to be ejected or atomized 1 36 from the test 
specimen 108. 

[0022] The cooling effect of the agitated couplant and/or of the 
30 atomized couplant 136 as it evaporates produces cold signatures which can be 
detected by the infrared camera. For example, ejected couplant 136 cools by 
evaporation and thus appears cold relative to the surface portion 124 in the 
infrared images acquired by the infrared camera 112. 
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[0023] Analyzing the infrared images for cold signatures can be 
performed manually by an inspector, automatically by a processor, a combination 
thereof, etc. Infrared images can also be analyzed to detect mode patterns of 
excitation in addition to detecting cold signatures. 
5 [0024] In the illustrated embodiment, the system 100 includes a display 

screen 140 on which can be displayed infrared images, preferably in real-time, 
acquired by the camera 112. This, in turn, allows reliability to be increased 
because an inspector can analyze the real-time infrared images to locate and 
size defects. 

10 [0025] In some embodiments, infrared contrast can be increased thus 

making the atomized couplant easier to identify by acquiring an infrared image of 
the liquid couplant before excitation and then subtracting therefrom infrared 
images of the excited liquid couplant acquired during the excitation. 

[0026] In this exemplary manner, the system 100 is capable of 

15 detecting defects in the test specimen 108 without requiring heating of the test 
specimen 108 by the excitation source 104. Further, the thermal characteristics of 
the test specimen 108 does not generally affect the infrared aspect of the system 
100 because infrared radiation does not readily transmit through water, among 
other liquid couplants which can be used in the system 100. 

20 [0027] FIG. 3 illustrates another exemplary system 200 embodying at 

least one aspect of the invention. As shown in FIG. 3, the system 200 includes an 
excitation source 204 for exciting the test specimen 208. Preferably, the 
excitation source 204 is a source of ultrasonic energy, such as an ultrasonic 
welder or horn. Alternatively, other excitation sources can also be employed such 

25 as mechanical shakers and acoustic horns. 

[0028] The system 200 can include a video camera 212 for visually 
detecting vibration effects, such as standing waves 232 and "geysers" 236 of 
couplant 220. In at least some embodiments, the vibration effects are readily 
detectable by the unassisted human eye 21 2' in which case the vibration effects 

30 can be visually detected by either or both the video camera 212 and/or an 
inspector visually observing the excited liquid couplant 220. 

[0029] In other embodiments, the system does not include any video 
camera or other visual detection device for detecting the vibration effects. In such 
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embodiments, the vibration effects (e.g., standing waves, "geysers") are detected 
by an inspector visually observing the excited liquid couplant. 

[0030] Alternatively, a wide range of other devices and techniques can 
be used for detecting the defect signatures or vibration effects of the liquid 
5 couplant in response to the excitation including high speed photography, 
videography for motion analysis, specialized lenses, high speed analysis lighting, 
video imaging technologies, and specialized techniques such as Schlieren, streak, and 
pulsed laser illumination. 

[0031] The system 200 also includes the liquid couplant 220 which is 

10 applied to the test specimen 208. In an exemplary embodiment, the liquid 
couplant 220 is water. In alternative embodiments, however, a wide range of 
other liquid couplants, preferably liquids non-reactive and non-contaminating to 
the test specimen, can be used including oils, glycerins, high purity alcohols, non- 
contaminating liquid chemicals, etc. 

15 [0032] In operation, the system 200 can be used as follows to detect 

defects in the test specimen 208. A liquid detection medium 220 is applied to at 
least a first surface portion 224 of the test specimen 208. In an exemplary 
embodiment, the liquid couplant 220 is water misted onto the part surface 224. 

[0033] The test specimen 208 is excited with the excitation source 204. 

20 In the illustrated embodiment, the test specimen 208 is acoustically excited with a 
preferably high energy ultrasonic source in contact with the test specimen 208. 
The source 204 preferably applies ultrasonic energy 228 to the test specimen 
208 which propagates through the test specimen 208. The propagating energy 
228 causes preferential, large amplitude vibrations generally above a defect 216 

25 in the test specimen 208. The increased vibration couples with the liquid couplant 
220 resulting in either or both a standing wave 232 of couplant to form generally 
above the defect 216 and/or couplant to be ejected or atomized 236 from the test 
specimen 208. 

[0034] The camera 212 acquires images, preferably real-time images, 
30 of the liquid couplant 220. The images are analyzed for standing waves 232 of 
couplant and/or couplant ejected 236 from the test specimen 208. The images 
acquired by the camera 212 can be analyzed manually by an inspector, 
automatically by a processor, a combination thereof, etc. 
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[0035] In the illustrated embodiment, the system 200 includes a display 
screen 240 on which can be displayed images, preferably in real-time, acquired 
by the camera 212. This, in turn, allows reliability to be increased because an 
inspector can analyze the real-time images to locate and size defects. Further, a 
5 real-time examination of the complete test specimen 208 can be performed by 
indexing the exciter 204 and camera 212 over the test specimen 208. 

[0036] Additionally, or alternatively, the vibration effects in at least 
some embodiments are readily detectable by the unassisted human eye 21 2'. In 
which case, the inspector can perform a real-time examination by watching for 
10 the particular vibration effects indicative of the existence of defects in the test 
specimen 208. 

[0037] Accordingly, various embodiments of the invention detect 
defects by analyzing the vibration effects on the liquid couplant without relying on 
heat generation by vibration. Because the excitation source does not need to 

15 dwell on the part surface to generate heat in the part, a test specimen can be 
inspected with shorter excitation times and shorter pulse durations. This, in turn, 
reduces the likelihood that the test specimen will be accidentally damaged from 
prolonged use of the excitation source. 

[0038] Various embodiments can be used to examine thermally 

20 conductive materials with high diffusivity and/or shiny surfaces having low 
emissivity because the liquid couplant can provide a high emissivity coating to the 
shiny surface. 

[0039] Various embodiments enable wide area defect detection that 
allows relatively large areas to be inspected in an efficient and timely manner. 

25 [0040] The invention is applicable to a wide range of material types and 

structures including metals, composites, substrates, plastics, multilayer coatings, 
wood laminates, painted substrates, etc. Accordingly, the specific references to 
test specimen herein should not be construed as limiting the scope of the present 
invention to only one specific form/type of test specimen. 

30 [0041] The invention is also applicable to a wide range of industries 

and industrial applications including aerospace, space, automotive, etc. 
Accordingly, the specific references to aircraft should not be construed as limiting 
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the scope of the present invention to any specific industry or industrial 
application. 

[0042] While various preferred embodiments have been described, 
those skilled in the art will recognize modifications or variations which might be 
5 made without departing from the inventive concept. The examples illustrate the 
invention and are not intended to limit it. Therefore, the description and claims 
should be interpreted liberally with only such limitation as is necessary in view of 
the pertinent prior art. 
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